events as compared with standard therapy without statins. In the MUSASHI-AMI trial, frequency of hydrophilic or lipophilic statin use was almost equal. Therefore, we reanalyzed the MUSASHI-AMI database to investigate whether the specific statin used influenced the outcome of early statin therapy in patients with AMI, focusing on their hydrophilicity and lipophilicity.
Methods

Study Design
The design and main results of the MUSASHI-AMI trial have already been reported. 14 Briefly, between February 2002 and September 2004, a total of 486 consecutive eligible AMI patients who were admitted to 54 medical centers throughout Japan were recruited. Serum total cholesterol (TC) concentrations were required to be 180-240 mg/dl. On admission to hospital, patients underwent acute reperfusion therapy, including percutaneous coronary interventions (PCI) and/or thrombolysis as required. Within 96 h after symptom onset they were randomly assigned to receive lipid-lowering therapy, including treatment with any available statin (pravastatin, atorvastatin, fluvastatin, simvastatin or pitavastatin) or standard therapy without statins and monitored for ≤2 years. During the study period, all patients were advised to adopt the Japan Atherosclerosis Society
Step 1 diet. 15 In this re-analysis of the MUSASHI-AMI data, based on octanol -water partition coefficients, which measure lipophilicity of compounds by determining their equilibrium distribution between water and the organic solvent octanol as surrogate for natural organic matter, 5 patients who were assigned to the statin treatment group were further subdivided into 2 groups according to whether they received lipophilic statins (atorvastatin, fluvastatin, simvastatin, or pitavastatin; LS group) or hydrophilic statin (pravastatin; HS group). In this subanalysis, the primary endpoint was a composite of acute coronary syndrome (ACS) events, such as cardiovascular death, non-fatal myocardial infarction (MI) and recurrent acute myocardial ischemia requiring emergency hospitalization. A combination of the primary endpoint events, and congestive heart failure requiring emergent rehospitalization and non-fatal stroke was defined as the secondary endpoint. Besides the primary and secondary endpoints, appearance of a new Qwave was settled as a surrogate endpoint. Q-wave was defined as follows: Q-wave >3 mm in depth and/or >0.04 s in duration in at least 2 leads except aVR. 16 Statistical Analysis Differences in the characteristics of patients between the 2 treatment groups were evaluated by Student's t-test in the case of continuous variables and chi-squared test for absolute categorical variables. Cumulative event curves of the study endpoint were plotted by the Kaplan-Meier method. Differences with a p-value of <0.05 were considered statistically significant. All statistical analyses were conducted with SAS 8.2 software (SAS Institute, Cary, NC, USA).
Results
In the MUSASHI-AMI trial a total of 241 normocholesterolemic Japanese patients were randomized to receive statin therapy within 96 h of symptom onset. Lipophilic statins were used in 131 patients and hydrophilic statins in 110 patients (Fig 1) . Baseline demographic characteristics were similar between the 2 groups (Table 1) . Baseline lipids profiles were almost the same except for TC concentrations, which were slightly but significantly higher in the LS than in the HS group; LDL-C concentrations were the same in the 2 groups (Table 1) . ST-elevation MI was seen in approximately 90% of patients in both groups. Severity of MI as indicated by Killip class II-IV and anterior location of ischemia was the same in the 2 groups. Emergency coronary angiography was performed in almost 100% of the study population (Table 1) . Primary PCI was performed as reperfusion therapy in >90% and bare metal coronary stents were implanted in most (>80%) of the patients. Leftventricular ejection fraction at hospital discharge was the same in the 2 groups (Table 1) .
Unsurprisingly, at 24 months, patients in the LS group showed a 2-fold reduction of TC (209 to 162 mg/dl, -22%) and LDL-C (136 to 90 mg/dl, -34%) as compared with those in the HS (205 to 185 mg/dl, -10% in TC; 132 to 107 mg/dl, -19% in LDL-C) (Figs 2a,b) . Changes in HDL-C and TG were the same in the 2 groups (Figs 2c,d) . In a similar way, changes in C-reactive protein were not different between the 2 groups (Fig 3) . Kaplan -Meier estimates of combined primary outcomes are shown in Fig 4. In comparison with those on LS therapy, treatment with HS was associated with fewer tendency of ACS events (3.6% vs 9.9%; p=0.0530). The secondary endpoints events occurred equally between the 2 groups (9.0% vs 10.7%; p=0.3390) (Fig 5) . Fig 6 shows the incidence of new Qwave appearance on electrocardiogram in the 2 groups. Although the rates of ST-segment elevation and primary PCI done were similar in the 2 treatment groups at enrolment, during follow-up incidence of new Q-wave appearance was significantly lower in the HS than LS groups (75% vs 89%; p=0.0056).
Discussion
Although in the statin treatment arm of MUSASHI-AMI the choice of statin was made at each treating physician's discretion, in this re-analysis the numbers of patients in the LS and HS groups turned out to be closely matched at 131 and 110, respectively. There was no difference in baseline LDL-C concentrations between the 2 groups, and a significantly greater reduction of LDL-C was achieved in those patients on lipophilic statins as compared with patients taking hydrophilic pravastatin. Despite a less reduction of lipid levels in the HS group, this group exhibited a signifi- 
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cantly lower incidence of new Q-wave appearance and a tendency of a lower ACS events rate than the LS group. For reference, the primary endpoint events of the present study occurred in 8.8% and the incidence of new Q-wave appearance was 88% of non-statin treatment group in the MUSASHI-AMI trial being equal to those of the LS group of this subanalysis.
In the present study, pravastatin was the only hydrophilic statin used, whereas several lipophilic statins were administered: atorvastatin, fluvastatin, simvastatin and pitavastatin. Hydrophilic statins are distributed much more selectively in hepatocytes compared with lipophilic statins. 17 Liver cellular membranes contain organic anion transporters that mediate uptake of hydrophilic substances into the cell. However, because extrahepatic cellular membranes consist of lipid bilayers, hydrophilic statins cannot penetrate these cellular membranes and thus cannot inhibit intracellular HMG-CoA. Hence, whereas hydrophilic statins are prevented from entering extrahepatic tissues, lipophilic statins might inhibit not only cholesterol synthesis in the liver but also production of essential substances by HMGCoA reductase reaction, such as farnesylated proteins, heme A, dolichol and ubiquinone (coenzyme Q10; CoQ10), in peripheral compartments. 17 CoQ10, an essential factor in oxidative energy-generating systems in mitochondria, is synthesized from mevalonic acid in many organs including the heart. 18 The mitochondrial inner membrane of heart muscle has high activity of polyprenyltransferase, which attaches isoprenoids to quinone bodies and is a key enzyme in CoQ10 biosynthesis. 19 It has been also reported that upregulated CoQ10 biosynthesis in the heart is associated with increased activity of HMG-CoA reductase. 20 Lipophilic statins that can enter easily myocardial cells inhibit isoprenoid expression and thereby prevent CoQ10 biosynthesis in the heart. This process could slow down mitochondrial generation of ATP and affect myocardial contraction. Ichihara et al reported that in a canine experimental myocardial ischemia model, lipophilic statins worsened myocardial contractile dysfunction during reperfusion, whereas pravastatin did not. 12, 13 They also noted that worsening of myocardial contraction was associated with reduction of myocardial concentrations of CoQ10 and mitochondrial respiratory function. 21 Taken together, these mechanisms could explain the superiority of hydrophilic vs lipophilic statins observed in the present study.
Statins as a class have been shown to exert multiple lipid lowering-independent, so-called pleiotropic effects. 22 These include anti-inflammation, antioxidation, stabilization of vascular endothelial function, reduction of lipid component of coronary plaques and inhibition of platelet thrombus formation. In the present study, anti-inflammatory effects indicated by decreasing C-reactive protein concentrations were the same between the lipophilic and hydrophilic statin groups. However, there are a number of pleiotropic effects that seem unique to pravastatin, such as increasing plasma adiponectin, 23 improving insulin resistance 24 and stabilization of vulnerable atheroma. 25 It is possible that beneficial effects unique to pravastatin might have preserved viable myocardium as indicated by lower incidence of new Qwave and thereby improved prognosis in the present study.
Our results appear at variance with those of the Pravastatin or Atorvastatin Evaluation and Infection Therapy (PROVE-IT) trial, 26 which suggested that in normocholesterolemic patients with ACS aggressive lipid lowering with high-dose atorvastatin 80 mg/day provided greater protection against death and cardiovascular events than moderate lipid lowering using pravastatin 40 mg/day as early as 30 days after therapy was started. This timeframe within which recurrent cardiac events most commonly occur after an ACS. 27 It was proposed that high-dose atorvastatin exerted cardioprotective effects by a combination of coronary plaque stabilization and rapid cholesterol lowering, thereby preventing subsequent plaque rupture. However, several differences exist between the PROVE-IT trial and our study. First, PROVE-IT was a head-to-head comparison of intensive lipid-lowering therapy vs standard medical care. In MUSASHI-AMI, patients were randomized to any available statin or control: the present retrospective re-analysis aimed to establish whether there are any observable differences between patients allocated to standard treatment with hydrophilic or lipophilic statins including not only atorvastatin but also fluvastatin, simvastatin and pitavastatin. Second, the MUSASHI-AMI cohort included far fewer patients than PROVE-IT, and the possibility that our results were because of chance is consequentially greater. Third, ethnic differences between patients enrolled in the 2 studies might have influenced the results, with US and Japanese patients known to have distinct patterns of dyslipidemia and possibly different responses to statin therapy. Hence, the manifold differences between PROVE-IT and MUSASHI-AMI hinder any useful attempts to compare the results of these 2 trials. Prospective studies of lipophilic vs hydrophilic statins given at their most clinically effective doses are needed to identify any differences between the cardioprotective effects of these drugs in patients with ACS.
In conclusion, our preliminary results suggest that hydrophilic pravastatin prevents new Q-wave appearance and might reduce cardiovascular events to a greater extent than lipophilic statins in Japanese patients post-AMI. To confirm the superiority of pravastatin, a large-scale prospective randomized comparative trial with lipophilic statins is needed.
